The high levels of total immunoglobulin E (IgE) and Aspergillusfumigatus-specific IgE and IgG found in patients with allergic bronchopulmonary aspergillosis (ABPA) have been used to differentiate these patients from those with aspergilloma or A. fumigatus skin test-positive asthma and from normal individuals (6, 17, 19, 24) . Although aspergilloma can be diagnosed by nonimmunological methods, fungal-specific antibodies can be detected early in the disease and also help in determining the fungal species involved. However, because comparative studies of A. fumigatus antibody isotypes in Aspergillus-induced diseases had not been carried out previously, it was not known whether the antibody response in ABPA was polyclonal or whether it involved only a few immunoglobulin classes. Hence, we undertook this study to determine whether other A. fumigatus-specific immunoglobulin levels would be useful in differentiating patients with A. fumigatus-induced diseases.
The enzyme-linked immunosorbent assay (ELISA) and radioimmunoassay (RIA) have been used successfully to determine A. fumigatus-specific IgG and IgE levels in the sera of patients with ABPA and aspergilloma (19, 24) . Because of relatively high antibody concentrations, the conventional ELISA has been shown to be useful in the quantitation of antigen-specific IgG (6, 19) . However, because the conventional ELISA lacks sufficient sensitivity, this method cannot reliably determine the relatively low levels of antigen-specific IgE (19) . To overcome the lack of assay sensitivity, it is common to use serum specimens, either undiluted or in modest dilutions, such as 1:5 or 1:10 (6, 24) . The use of such high concentrations of patient serum is wasteful of potentially scarce specimens and can result in nonspecific errors in the assay. Therefore, the RIA, a more sensitive assay, has often been used to determine antigen-* Corresponding author.
specific IgE levels (24) . There are disadvantages to the RIA method, however, including the limited storage life of the radioisotope, the length of time required to complete the assay, the need for expensive radiation counters, the hazards of exposure to radioactivity, and the difficulties in disposal of the radioactive wastes.
To overcome these disadvantages, we have used a modified ELISA technique, the biotin-avidin-linked immunosorbent assay (BALISA), in this study of specific Aspergillus antibodies in human disease. The BALISA has a sensitivity comparable to that of the RIA but does not use radioisotopes. The method is based on the high-affinity binding (K d= 10-5/M) between the vitamin biotin and the hen egg protein avidin. Each molecule of avidin binds four molecules of biotin. Both avidin and biotin can be covalently coupled to other molecules such as proteins and polysaccharides. Incorporating the biotin-avidin linkage into an assay system results in markedly enhanced sensitivity (7, 8, 20) . BALISA has been used previously to determine low levels of keratin (13) , polypeptide hormones (7), specific DNA (20) , Candida antigens (1), antistreptococcal antibodies (15) , hepatitis antibodies (10), and total and allergen-specific IgE (16 with no features of ABPA and also nonallergic nonasthmatics served as control subjects. Antigen. The antigenic material used in this study was a culture filtrate preparation obtained from A. fumigatus Ag507 as previously described (11) . The material was lyophilized and stored at -70°C until just before use.
Antibodies assayed. Immunoglobulin classes IgG, IgE, IgD, IgA, and IgM were assayed by BALISA.
BALISA. The BALISA method is a modification of the conventional ELISA described by Voller et al. (23) and Kurup (10a) (Fig. 1) . Briefly, 100 ,ul of A. fumigatus antigen (1 ,ug/ml) diluted in carbonate buffer (pH 9.6) was added to each well of a microtiter plate (Dynatech Laboratories, Inc., Alexandria, Va.) and incubated for 4 h at 37°C. The wells were emptied and washed three times with phosphatebuffered saline containing 0.05% Tween 20 (PBS-Tween). The plate was stored at -70°C until used.
One hundred microliters of blocking solution (1% bovine serum albumin in PBS-Tween) was added to each well, and the plate was incubated at 37°C for 30 min. The wells were then washed three times with PBS-Tween. Ail dilutions of the antibodies used in the assay were made with the blocking solution.
Next, 100 ,ul of patient sera (1:1,000) was added to each well, and the plate was incubated at 37°C for 30 min. (21) was used to analyze differences between subject group means. In cases for which all subject groups showed a wide range of standard deviation, student's t test was also used in an effort to achieve better statistical precision. A probability level (P) of 0.05 or smaller was used for judging statistical significance.
RESULTS
Results of the study are summarized in Tables 1 through 3 . The mean Aspergillus-specific antibody levels in the population groups are given as net A405 ( for all antibody classes, whereas differences between ABPA and aspergilloma populations were significant at a P < 0.05 for A. fumigatus-specific IgG and at a P < 0.005 for A. Jirmigatus-specific IgA, IgD, and IgM (Table 2 ).
In the study by Wang et al. (24) Differentiation between the ABPA and other patient groups could best be made by comparing A. fumigatusspecific IgE and IgD levels ( Table 3 ). The mean concentration of these antibodies for ABPA was at least three times that for aspergilloma, the disease with the next highest level of antibodies. For ABPA, the specific IgA level was twice as high as for aspergilloma. Although the mean A. fumigatusspecific IgG and IgM levels were significantly higher for ABPA than for aspergilloma, serum precipitins were generally stronger for aspergilloma than for ABPA. Previous studies from our laboratory (12) and that of others (9) involving indirect immunofluorescence, hemagglutination, and the ELISA indicated that the number and strength of precipitin arcs produced in agar gel diffusion do not correlate well with reactivity in these serological methods. This lack of correlation may be due to differences in the selectivity of component binding to the solid phase, antibody specificity or This study demonstrated that the mean circulating A. fumigatus-specific IgG levels were significantly greater (P < 0.001) in patients with aspergilloma than in either the skin test-positive asthmatic or the normal control population, confirming previous findings (2, 4 (24) . In a limited study of A. fumigatus-specific IgE and IgG levels in ABPA, aspergilloma, and skin test-positive asthma patients and normal subjects, Forman et al. found no significant difference in these levels between the asthmatic and normal subjects by the polystyrene tube RIA (5) .
ABPA can be differentiated from the skin test-positive asthmatic and normal control groups by A. fumigatusspecific IgG, IgD, and IgA levels by the BALISA (Table 3) . This test was 85 to 100% sensitive in confirming ABPA and was specific (100%) for ABPA relative to the control groups. These results compared favorably with A. fumigatus-specific IgE sensitivity and specificity for ABPA, which were 85 and 89%, respectively. These results were obtained with a 1/1,000 dilution of patient serum samples, compared with the approximately 1/10 dilution in serum which is required for A. fumigatus-specific IgE determination by the conventional ELISA. With particular reference to A. fumigatus-specific IgG concentrations, which are a hallmark in aspergilloma (14) , the BALISA method was useful in distinguishing patients from controls (100% sensitivity and specificity).
In 
